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i^u-cis:it'bti-/c«»o7- mi. tiJE-fe 
UE7- KfilW^.Slc-t^S^'f ?f-fc«*tfstft* 

K»»fc * itfcJ|HtE«-fe /H^T U 4 « (-KB $ 
fitzt)^TU^Ut, Yfa-ri, HrE&ScO-fe 

* j m?lf.mJE^si:gp.^l-S:it'bn^^ 1 OMO S h ? > v 
a*WE»J& t*)E-t fcftrt:* 2 OMOS 

ti?ti<om& * xts t -r * ^ifijfipsiiss * ^-t & - 1 * 

•Jo 

#-tJV7U^f Iz.jSVTiJ'fc < t "b 1 #Ja.±.<D7- F8i 
* O 7 - K» i: X£ * »ffi-r * > * *«> M l-MOSFET 

L/:1fe:£0.* -=& M IHt^w^mif.tt^SBl-^^^ESS*. 
t £ Xt) t i"&^i&*91'5S«:'&tf»*JS 2 E«£OflK^7 

»»tC>iifc*att»»4:*L, «rE*tt«»««i» r- 
h **1KrE Y r a - ^Ufcfc LV-^KU-f 

i: » 1 Ot&jftKKtt feiifc* 1 WMO S h 5 > v * 
9 b. r- Mc1WEY7'3-* r «>K«EWa«:£»tV-* 
KUW >B:OTMrBft 1 ©»j£i:i|l2 0>*jftW»-tt»tfeit J 



2 

tz % 2 <OM OS F7>v^?t> ts£I 1 Olp * t 

i ©3>mi, ncgm 

mEE Sfiv-x Kl/'f > ss **ME^ 2 oss * t if 
IS* y^fcMKKitfciifcWs OMO S h5 >v*** 

*««rE*ilR«ff Si t * 3 C0S5 * KKlt & *ifc*4 *>M O 

»t V - * K U 4 >tt*nRE* 3 Ogff * t fflffift 2 0115* 
(Billet *>*!-/.:$& 5 COMO S l-7>->'^^i- 1tlESf5 3 

t flrESttWiBtm ictt»t t *tfc» 2 o a > 7*>* 

[W*S6] Meg 2(7)MOS h 9 > vx^owisr 

mt) SrltfESS 2 OMO S h 5 > 9 <DY- Y i:AS 

»*«2E«<0jS^7 >n7^W> ; E l J, 
[B*^ 7 ] HtfE^ 3 <OM O S h 7 > ->'X CDltrfB 

-fe > ^. sole * jt«-t * Jtt?§f-c«B£ 5 fib mm 0s& 

<Oda^)S-WE^3<OMOS hvVv^^or- hlzXJ] 

(gmr or zm)m^-c-hhz. t *#mti-4ii*JSi> 2 
$ fzli.5 i:E*W««9 >n7n^« 

[0 0 0 1 ] 

^.^*>; (MR AM : Magnetic Random AccessMemor 
y) UK TMRAMIUSSJ i:v^ e ) KM1-& e 

[0 0 0 2] 

[^*Ott#j] Ig7>n7n^> ; t , J (Magnetic 
Random Access Memory : MRAM) li, &$t<D > * 'J -t ;V 

n»±, ^e>; •t;^ti^fe^^)-2>v»l±^Jg^ : ^•ft^/i 
jnnttS*Sifti*fc*l-> 7-Ktait:^ h^iS 

imam vmitZK&z^Zo 

10 0 0 3] m<r>m%k<DtZWi t LT, *@#!*SS57485 
19-^SO'IEEE Transaction On Components Packaging a 
nd Manufacturing Technology-Part A, Vol. 170. No. 
3, pp. 373- 379-CBfljJ*S*LT^*, E«*^iLTE* 
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l&%MtnMM (GMR: giantmagneto-resi stive) ^^Sr 
[0 0 0 4] £©MRAMII&l4-&lft(r¥igf*:g«±K^ 

ii>-=e';ri"f mir v^m^xf%2r W605) , r 
ti, r Kv^^^eoHc-f-n-rtts^^ttTv^o mir 

V^604RV^2T W605©9 *>©— ^lifS^tb LB#© 

v>T, lO(0=?f K !4II&©GMRS§?-ri*ii:?!l«a $ ntv> 
io t£.fcUi LB#KI4, fglTW604&U f fg27U'l'605© 
^©jH^$ft£fiHwl;ifL=£-jfiU ^Ct^^JIO^* 
itt?S606-C^ffi-r^ o 

[0 0 0 5] £2©&5fciJ#rli, *gl# ft 315640343-f-r- 
Hf^SitT^i, h > * )i-Mm%.1&tn,(Tm: tunneling 
magneto-res i st ive)^T-5r feU -t;i/i: LTffiv>t, -eft 
■Pit© 7- mi-t: > *&©£.£ ic— o©E«c-fe £ SE 
Ltz**V 7 <>-QMRAM|5]fiSSr[2I7lC^i-o 

[0 0 0 6] i©MRAMH]g&l±tf7 : '^-^ ,r 701, 702t?!]7 : -* 20 
n-^703, 704£*tfeKjgi|a$fti£.£Ka^r- 

io £©MRAMlJg&l4, Et§tff$g£-fc V^^jt©^Js^W 

«&©^Hi*ffi, jt«ss (-t^7-/r) ^nm^ys-m 

K o V T l± IE£E $ ;h.T V> & v> 0 
[0 0 0 7] 

i&wvmikL x d t-tzmm] gn©&*&flST-i4, 
itrv^o ttz. e#*;vti^ t^Bs-t^T 

SUSit, Pitt,©SgJ5|^S|ixrvio *©£*>>, -E-ft-g-* 
ti©JtgcH-^tc^S**^iita,<, ?E5-^ifi^^- 
v>©Hlt* J S^T-*c./io *<Otz*b^ E#.-fc;t©7 x 
^N-±-c©#s©J^— tt^s*?tt/co ttttait 

W'giit£ft*E«*;t©mJE£&te-t.i>*:s!>, 
©ffiftKit^Tffiffi©a$^b53-* J /h£ < & *) , SfiPif 

ife*Uli % &ffl^jj££;*;# <1-£3K GMR^fcSWI 

< LT^Sffi£*£ ^i&g^fcio £*Hbi4, ffl io 

£>io 

[0 0 0 8] StL% -«:WarGMR*^-Pli, IlCffi 
Ct«*lt!t*, *#«i£l4Ei&«#tfc|i^-c*>£o 

&^lt, ^©mJE^ttsite-ri^as-fflv^t, 

[0 0 0 9] ZhltZ^ Journal of Magnetics Society o 
f Japan, Vol. 23, No. 1-2. pp. 55-57 IZi&^b fi 50 



4 

Siii:. h > * A<ffl«*UKtn;**- (TOR) -C 14, g-g-© 

P5«icenjnisit4^E3!»*ieiD-t4ic^vv sg^^fitjt 
(MRjt) 5i> f i«^-i-io -itii— teic^ Tzthmtms 

it^&Tifc&o -©/nM T^.^IC J: »9TMKS^©M3s 

!4ittaJLT*# < ^ifoltT-lifc < , L/;#oT« 
K£f!*tiiL[I]S& (-fc^-TV:/) «StJ5:4o 

[0 0 10] S/c, Journal of Magnetism and Magneti 
c Materials Vol. 198-199. pp. 164-166& fTJE^ h 
tlT^ZX -5 h >^WfJ T^-fflV^TV^TMR 

3?^©Mffit::*§&^J±£jWti^ ili, h >*/u/<y 

[0 0 11] ^^H^Ii^i/N^T^^BlTtC^I-i^ 

«fti§^©#t£i4^o£o&i!£@;^lfcU ifift-v- 

v>©C;v^MRAM[e]SS^^«i--i>- itifiDifio t 
fc, #5^14, ?S^1S^Ti:fi?iJl-««$it/cEiia*s 
4tfh7>v**©«ftK4il;EEI$T# i 0 7 v .:ib-t, f£ 
^ifcLUSS (-bv^rvT") ©*&ti}?gS©trF£E*£\ 

zt*mmt^z> 0 

[0012] £ <o tz^B^ii, 4f h > *;H5!a^igtjt 
*^(TMR)£fflWcMRAM[H]S&-r-l±, a^gtit©^ 

^o^a ^ it * m l i & z t * @ fi5 1 1- i 0 

[0 0 13] 

^-b7,p(*>;i4, «8!t©-t>^jtt«ffett3lic©-b>-^^ 
*^* f iI?iJ $ Hfc*eiB*-fe ;v**7 t- #K8EB 

©-Sg i: WE-b > * An * ««-*- « WEEWT*^ t * * 
L> «Tie^>7'v*©-^ : cr|(lBE#ei2'li-fe;w©^iW? 

i-f io 

[0014] Mtc*^^©a^,v >n7?w«'j 

tt<btL^ffllS:©7- K«8t, ilME-fe>x«t«rE7- K 
«l©#^.*lc-fe;wS4R^'f ?*-fcB*tttttX?4<K?iK 
g «E ? it JHfirf B«g -fe A. *» T U'f Efi $ rt -b )U 7 

«TE Y f3 - yegg Lv-x K L"f >RjOTEjKtt£W 
tl5*i;K«tc>itfe® 1 ©MO S F7 , /v'x?i 1 r- 
h ^itv-^KV-f >K7i*|JEt5*. t 

IK-t > x IRK tziSrit <b *tf- ^ 2 ©M O S h 7 > * 

t , ttCMf t mmn.mr$ »c«:»t <b a > f > -9- «■ * 
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14. aao-tv^«ifciiirfaatto-fc>^«uE«LTK 

fc, Yfa-yt, »BttftO*>*«*U:lSMt&*ifc 

t* a - ^ izmm l v - * k v * > K^vamEM t us i 

Hcil»EYr f 3-yojR|Ett*«:S*tV-^ Kl/^f >SS 
#Tl»E* 1 <DB& km 2 OB *M tcfgfrt ^it/:^2 OM 
OSh7>v^^t, «rE*10«IjSfc»»*WMHK 

Bl:Blt6ftfc»3OM0S F7>y^^t, y- h*« 
MEYfn-^KSttLv-x K W >tt***JE«»* 
JESS t m 3 ^l&jftfcfclt 4OM0Sh7> 

-f >**»«rE* 3 OWjflC t «TE# 2 KUtt tt 

fc*5(OMOS F7>y^^t, «FE*3 0ffi.£fcfrE 

[0 0 16] 

[0 0 17] Bll^«i*«K^J:&MRAMiiao»10|lifi 
CTSr^L^o ^^Tti, — ffllk LT4X4tf y h OMRAM* 
T^Lfztf, m&\ZfcCXmXn¥y h <OMRAM £ 
&o HtfL*: «fc ^ #3&^<JDMRAM14, Y-decoderlOl 
4"g-trY^i21]fiSl02> X-decoderl03, &XZf, -tJV7 
Wl04*»fcflMtSil*o 

[0 0 181 Yjg22ISS§102<4, Y-decoderlOl t . y- 
h**Y-decoderl01tl»«:Six^M0Sh "7 >vX*107 1 
10. -OMOSb 7 107 110^««Silfc*«10 

5. y- htc»m«E»io6^feoa»#»ttsixfcMos 
h7>v*?ii5 118. M-fly* f ft*$n7t3>T'>-9-ii 

1 114T«flt$fL-C^* 0 MOSf 7>v**107 HOfcM 

os h v > v^^ns us* >7 , >-*rin lHii-t 

14\ 3>-r>^lll 1140«ffi«r3KUSi-*fe»<oaJ*jft 

159 i62#-e-^-?it»«ESii. »s^w*ii»u«as 

ft£ 0 ifc, MOSh 7 >v**115 1180lfi^O^F^%/ 
SB&I4, ^;V7 U<<104O-tr>^*ail9 122k*tl<?tL 
gi^tv^ 0 J/c. 7-K»123 12614, Zti? 
ft. X-decoderl03H»«c*tLTV^o loW>^» 
ttlCfci:iL(ir«ai 05, MOSh7>y^M08, 
3>f>tll2, h7>*>^^l 1 6^?)4^tEtt 

[0 0 1 91 -t;V7 U-f 104(4, -fe >*!&119 122, 7 
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- K»123 126. *5<fctf, mW&tiLttVZ! 142<hM0S 
h 7 > is A 9 143 l58^?>*^#fi[E1i-fe^*r«fiS:$tl 
£ c iO#fl[E1B-fe^Ji-ttL-Pti. *>*8U19 122 1 
7- K«123 1260£.«KE«**l4o #ffcE«-fe^^ 

ffi&ifitfi;*^? i42<o— i$i±-t>Amn9 i22<h, ffe 

5gl4M0Sh7 >v**143 1580— 

ttSitTv^o MOSh^ >vX*143 1580fl6^co>F^ 

4fc«*l±fftt3iu y- Mct47- K»123 126**«tt 

10 [0 0 2 01 MRAMHia**#a«cS^*&i:*lC(i, M0S 
h7>v.X*107 11014* ^ttSUCfcoTjSiK ^ >x 
>-9-lll 11414, W3e^*DJH«ff(VD0)iC* 
&o MOSb 7 >iSX?U5 11814. -fc>X&119 122* 
-seofi«BE*w««F"t* <£> fc* KE*t & ftfcMOS h 7 > v 

^^r'*^>o M0Shv>v**ii5 ns(om<D^»6,%m 

fflk *>^«119 122t«a$ft^*«rtBSffl0t-r^ 

Sff(VD0)t*orv^ 0 

20 [0 0 2 1 1 MOSh 7 > v^^H5 118^ffi^f0omEE 
(VS)I4. ^mmJI^106<7)%i"r^*mmE(Vref) M 
OS h 7 > * 115 1180Hffi#trrfta& ^> ^^>— 
l*T«EE(Vdrp)Tft3e*ft. M0S h 7 > ^ 115 118 
(VD)**8E»LT fca*1H^*S(VS)liS£ 
gjl^^o VS. Vref. Vdrp KI4, 

VS = Vref - Vdrp VD > VS) (1) 

oHWtoaoo z<ntztb^ -f^xo* >*mi9 l 
220Kffiji*UVSmSfcti-6o 
[ 0 0 2 2 1 3fcC WlildrB*JS«L*^-132H««F*tL 

30 /:f- ^ «:« ^m-r^^^ov^ri^B^-r * 0 . bs^«»l« 

T-132(4 -t;vri^^ <D2t=T2&} iz&W: Ltv^ #ttIB1S-t 
JWCfflV^tLTV^o (4 t*lwX-decoderl03^?>Ofi 
■S-ftc J: »9, 21f g<7)7- K«L124^»«Siirv^*fi:E 
1f.-b;KOM0Sh 7 >V*9U1 150*** > lift * 0 L/w 
^ ? c?T, miff.105, M0S h 7 >v^^l08. M0Sh^>v* 
^116. -t>^»120. ffi^lStfi;3R : f-132, M0Sh^>v^ 
*148t, ntflifi ffi.it *>o Z<D#r. K»124U 

fta^tirv^ajRisfitas^isi. 133. i34ctiwi«ic 

40 [0 0 2 3] 21t§?>7- Kjgl240«lR^av^T. Y-d 
ecoder 101 0 ^ <b C J: 0 2?« i <T> -fe > ^ ttl 20* f « 

^£ft£o MOSh7>v^^l08(4^"7t^O, 
2?!liO-fc>X«ai20i4ma?.105^<b«J «9JK$it&* f . n 

>x>^ii2u^m^K/cmw^&mL*^e>. ffi^s 
^*i 1 i32n(4mirL^irLtioo*tt^o 

>*tn2{z*iLCZ>nJ±. MOSf 7>v^^ll6 

OXlJMO^S.i^i&T't 2>tf, M0S h 7 >VA9U6<Dth 
»«0«E(VS)«4«raLfcJ:dH (1) -r*36#»tfeft 

50 p3 >r>VU2\Z!kC&<r>n&om$$ciWD(t)li. 
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lamsmSEVIKk 3Vf/tll2©giC, •te>-*j&120Keit 

ft-ansns. mos h 7 >v**ii6?>ffi;tiffiij<Dmmvs> & 

•t 0\ MOS h 7 V v * 9 \\&<0%ffit&Vi£ Z> -t > *ij&12 

Vd (t) =Vdo -1/C • Isdt 

[0 0 2 4] (2) LtzXllZ. 3 >r >*H12lz£. 

ftli** <, £#lc&^&ftS^1327F&ffi&:|*SIK;fc 
icl±, 3 Vr'>-9-n2{c*C>&mffOB#FB^^bli^: 
#v>o *^>— 5eB#KSJS^tc, 3 >f>^-U2<Dn.S.h 

z> vM±^n^i:*tbt)^i6o^ii tT^m-r* - 1 t\ 

[0 0 2 5] ^f&^OMRAMHE&rti, ffi^igtit^l32 
^*1-*SJE*^>vM±, /<>f T^^ffSt- J: <# 

[0 0 2 6] *%^<OMRAM@SSrii. fiS^CtStltX 

^mtnyij^o^^z-gejississt, Mosh 5 >vt.*i4 

JEVS, ig^S^mT-127 1420«ft««;tt, ±5 J: V. 3 

#fc&*ffi L«S«-#* it^tlio 
[0 0 2 7] *»9J01IRAM©tt*aJLaSli, ±1^ 3 
>fVtHl 1140§*C, ?S^tn;#T-127 142©m 

^^iSii^M^mL^BrtgT^So 3>-f>-»Hi 

[0 0 2 8] 4*:, mT^L.Tti^C ^ESS-C-li. n— 
«0»7- Kttl24KS«3*tTV»*«jMSilt*?-131. 13 
3, 134KfcR|;fcKm8ta«8&|t4o L/rfot, MOSh? 
>v*^^108i:llflHc, M0Sh-7>vX^107, 109, 110 
fc*7ICl-*i, B*tfKfltX?131. 133, 134KI£I5£ 
itfcflMR*, -?-fi-?-'*U UAM159. 161. I62*»t>m^ 

[0 0 2 9] ff*ffiL©M3f^ti. Softie 

3>7"/iH:«L, 2&m £ fx am^ftT* ^ 

[0030] ttz. &uzmLtz-r-9ffi.*m l<75->-^ 
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*<h «««K;3IS?-132, MOS l>7> * l48<0#JSiStfcR 

* 

= V D o-Vs/CR-t --(2) 

>^.T*li, MOSh 7 MSrt^VKfco 7i|£jC, M0 

Sh7>v*;*?108£:*7i: LTl^#, d ft e> ©MOS }- 

[0 0 3 1 ] * fc*»WOJHfl:IE*-til'C*v»T, 
10 JSSt*^Fl27 142©— JlffcftilfcU HMOS }•?>•>' 
A?143 1580-*0^itt*«*i:««U, M0Sh9V 
v**143 1580<fi*0^tt*«*t-bV^«lll9 122 

[0 0 3 2] E12tCi±. *»WO*20«itfltSLft. 
02tc^LfcMRAM@BSl±, ^StUCIiUlU^ L^ESSt 
BltttftSri-*^ B-C7- K»t=»«3*t, *'o N 
R« L^2*<0-b >^HU^$ii7t2o<o#fi[feig-fc:;v 

20 [0 0 3 3] -ffcfc*., -2fOJ|lfl:K*-fe.>KD»*tt8t»t 

*> 6 oaauRia*?- * m&trLftm iz -r * ^(ie^-c * 

li, -bV^^tMOS h 9 >->*^ ^ $-^LT3 >-f >-9-7> f 

Ltvio i<D@fST-ii, 2-3<Dmmm-t»' : £m^xi 

l±. 4X2 = 8Vf » hO««*8E*-T&iaB«)«|T**. 
[0 0 3 4] H2H^L^HSSi:lln-^L^l]SST-li. 

HS&202T-li % R^-T S 2o o ^219 1 220 (CMOS h 
7 yi?**2\5t2W*ftLxmm.2titz3 >-f>-9-211 
1 212^M«ffi»259lw«fi S ji, 3 >f>-9-211 1 212 
t*i:*«E«3a*iSHli«»259-C*Hl**i&. f^^» 

3>-r>*)-2i3t2uiz&c&'&i£<7>mii, mmwife 

S260T-^fcb$^*o X-decoder203, -bJVT U 1*204 (±, 
40 [Hl©X-decoderl03* -t *7 U'f 104 t I^^COESSf ^> 

-So 

[0 0 3 5] WAlflBAJSa;*^]. 232 

ixm=f-23ni-b)VT u4<D2ftim. «3«sa:*^-232i± 

•t ;u r U -f ©2=?f l^lig L T „ l± C *!> UX-decod 
er20375^<7)«-^Ui , 2lTg«0 7- K«224(C«^$ 
tLTw^^fi;f£-|t-b;utOM0Sh 7 >->'X^247 250^* 
XC^tio L^7j f oT. «!f.205, MOS 20 
7. MOSh 7 >v^^215, -fe>A*219, a«»tt*^-23 
so 1, MOSh 7 > v'7.^247t , mS£*««[it-5. 
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[0 0 3 6] $tzmm~. MOS b 7 Vv* *20 

8, MOS h 7 > v * 9 216, -t > ^220, a^igt/tl?i^23 
2, MOS h 9 >W *2480$£B&-C<>fc«EjJ t aE:h.4<, 
B#, Ki»224KttttS*lTV»4ajRaa*^-2 
33, 234Ui|B]fl|(Cl;SrL* J »£n*^\ £*U;ov>Tl4& 

[0 0 3 7] 21tB©7- K«224©*IRK«v»-C, Y-d 
ecoder201O*^<OM#^J: *) 1?'J§ O-fe >.Xi&219i: , 2 
?iJE<D-fc>7,ij£22050*;iiRSft<i>o •1<7)B#, M0Sh7>v 
7.? 207, 20812* "7 t & <K l^iJS O-t >^H219t2?!l 10 
I <9-fc >7, ^220(4^.205 jJ> h W *) St $ tl & **, = > 7* 
V-9-211. 212U^S$tt7tmW«-&St***f>, ttAtfi 
tJt»^=-231. 232tcl±^»!i* J ijEfLoo*tt*o 
>-f>-9-211, 212K&C-&SE, -ffc:b*>, M0Sh7> 
v 7,^215, 216(DXUm(Dm.E.l*i&Ti-2>rf. MOS h 7 
> v'7.^215, 2160aitJffliJ(7)^)E(VS)l2l![3$L/iJ: ^ K 

(i) r*jefi-tte»ii4fc*, je<ffc*r, 

&<> iOtl, tB#ISI^03>7'>-9-211,212U!fei:-&0 
mflE^B$^^bVD(t)li, (2)SCt-3^Ufca >5 T-**o 

[0 0 3 8] (2)^lC^Lfci "5 3>r>-*211, 21 20 
2K&C4*SOB#fflgffc»iS*igtft*?-231, 2320JS 

mzx *)&it*#m*&o wit if, EttT'-^-r-c- 
&&tgcti, a»«tn:*?-23i* f *jgatt«i» 

>^21lcDmEEtg:T4 •) n >T'>-9-212(0«JEfg:T<OB?FP4 

?-232#?l5iS*/t«® t 4 •? , =» >r'>^2110«fffiT J: 
19 3 >T'V-9-212W^)Efg:T<75B#ra^'fbl4/jN$v^ 
— 5feB*Ml»&fc:, 3 v-f'V-9-211 1 3 >-f-*>-9-212<0« 30 
ffiWiS**l»J«*B»259-e«3eL, *0*J5E*ili^£fS*- 

[0039] $>btm$%£&'ikv>^yr>4f2\\t^>r 

>-9-2l2OH.SOMV0UT(t) (4 (2)5S^<b , 
Vour(t) = Vs/C • (l/RL-l/RH)t (3) 

[0 0 4 0] i-T-RL, RHtt-f-ft-Ptt, a^UStS**** 
\&mH*km t ^?£^t>cS8T-coM0S b7>y^^MS 

sh7>v*x^o^Sin;) r**^o O^d-fc^-ctfix. 40 

If, 3 >7'>-^<O^SCS-lpF, M0Sh7>v?**«Offi:*J 
fflJCDfg/±VS£250mV, dMSiSifcRffiORL* l 

Okn, £5ffiin;*K!8oi$<oRHfci2kn tG^izmwHfZ* 

ttfcffiSeU 3 > 7* > -9-211, 212<9jfcSB#P>fl£24nseci: 
EH7'- * <0"1", "0"lwt5i:TVOUT(24nsec)* i 

RAMo-t ^7>y (^Ki^gs) nxu^s. mm®, 

EE) lilOOmVmmi-K^rte V , CIc9±100raVC9{r^(4§ 
A K ^ a T # & £ 1 1 4 a BJi T* * 4 o 
[0 0 4 1 ] #3&l£cOMRAMII]S&T-l4, SMlffittSS^l. 50 



10 

. 2321CEP3D $ n-5.miEI4VST* 4 OT% atftfSJfl;*^ 
l,232*gi®1--&mE*4VM2, *L<4*tt**<fc** 

3>T>V2U, 212<Dftm I- 4 •) , M8ji8*gf3 

») 259»wA*Sit*«ffli+fl'*ISJK4r*S <■*■* 

C t tft £ , -jftflg fc&fcb SBTtfl-i:?'- * £t££iJT- 

£4o 

[0042] ttz, mz-mL&mii, ±(C n^x-v* 
> - ^ srsa-fb-r s i t ^nriw?isa4:«*a L**nrsi 

W*Uli$iStci4f5#L4v» 0 
[0 0 4 3] ^§§<0MRAMI4, ESS-f^a^S 

[0 0 4 4] Sfc, *»WOMRAlliatt-Pli, aTXigtiL^ 
^ t it ?ij iz o 4 39m BSi&&tft , MOS h 7 > V * 9 <o ts 

^igfcttt, i54U"\ n >7*V9-«>ft«KBi-*^IBIt* 

[0 0 4 5] $ ?>C, Itaifci -7 e, *E»-CJi, |W1 
-CO 7- K«224»C»a$<irv»*aft»JS*^-233. 23 
41C tra«emSS59*»£tt*o U:#ot, M0Sh7>v7. 
^207, 208t|H]#e, MOSh7>vX^209, 210^*7 
IZ-f Z> t , a^ffiK* : f-233. 234 (Cffi» $ *l fcfll* t Ji 
Ujlgiplf? (^mt?) 26054»c>|B|B$K£lTLTtt*a-r£ 

t >o j ai*4 0 

[0 0 4 6] Sfe, ^^cOMRAMDSSco^^tb LB^cofl 

[0 0 4 7] ft, ^je^L^7-^K*tUL£Ov-^> 

[0 0 4 8] H31-I4, *»WO»30*ftW«:^Lfc. 
HI3e^L^MRAM[llgSl4, *^65UI4[1I21C^ L/cHSS t 

**«4, «ttOT*-^**&a*tife«ft«tt;* : ?-rtt 
^<, *«is«a;*»<b»*£ ttftwtt Ltvi. ^30 

HIS^OMRAMiaKI4, Y-decoder301$"g-trYJ§21ieS30 
2, ^lcOX-decoder303, ^l<0-b^7 304, i3i 
i>\ tWEOYJB3aiI»302H» L T fL-fMxttffctt 4<2S 
UBeSS^*, ^2<OX-decoder305, ^2<D-b;UT W-Y3 
06, *5>«jft*fi*o 

[0 0 4 9] Y^aia!SS302(i, DlOYjga0SSlO2<!: 
ML^IlSSmfiSci: 4otv>5i«, Y-decoderlOl tm^<T> 
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Y-decoder301 l:j^LT, £$ttEaU MOS h 7 > 
? s a>T>*ttc 4T*»W*fl5 K Eg $ tlX V> -5 4 
otv>5, S YJi2!SSS302l±, MU)itit>IS£330~333 
Sr^LTV^rt*, H2 co^lijif $Iff259. 260 tl±M^ , 
•f-n-PfL, Y-decoder301»c*f LTWfflW*ttlHzE« * 

cO-fe;i<7 l"f (Zj3(t£, < t 41*W±©7- K* 
KI4, &ig«ffiiM0Sh7>vX*;0^«J&$:*l.£gig 

[0 0 5 0] 03t::^l./.:£!)Tt4, Sgl©-fc;U7 W304 10 
7 - K«315K*»«tft318 321 tMOS h5> 

ffrbmj&ziitzmm-tiutf&igLzti, ^-t^rv 

^306T-1±, 7- Ki8l316K*i*ig#L322 325tM0Sh5 

[0 0 5 1] fllxJ*, mKOJzfrT U4304<?)-t>Xffi.30 
St 7- K«317U»«**lfc«««i«:*^-327fcllOS h 5 

> v* * * x-mm ztitz e« -t * « * ai k 

14, g20-t;i/7 W306©-te>*i&312.k 7- K&316K 
S *l£*lg!igi/t323 tMOS h 7 > v * 9 T-fltfiS; $ ft/.: 

MRAM|HlgStlH)«<DJlS4-ffiv^r. Mffl)lS*gS331*fflv» 

$*1TV»*, fiB^ffi^^-326, 328. 329 i MOS h 7 > v 
* * TflUS $ titztm-t JV icEflt # ft £1f $6 1 , Uttitt 
M«330. 332.334&;Bv>-C, &i£jScin;322, 324. 325 tM 
OS h 7 V v * ? xmm S ft*:*** <b ©«4g- 1 it©! 

[0 0 5 2] ft, gl(O-t^7U>f304(O7 - K*&315t:: 
&ISi£tltz&mW;tji318 321 i MOS h 7 > * * -CfflffiS; 
^tltz&m-t^it. ^2<D-t)VTU^306iZ^.m.^tlfzm 30 

^ugstsg^Mos h 7 > V7, * xm$L £ ft^tais-t ;ko 
tKfrbffyfe^i&WkT- 1 \zm^hz\ t-e, 7V>® 

[0 0 5 3] *S&f8<0MRAMHiS&Tl±, SB^SJjt^ 

^ c en»D $ ft h nm. it vst- $> z, <r> t- , asusta*?- * & 

[0 0 5 4] ^:|&^OMRAM[agSO!l^aiLiajgli. ± 

isitr, a*««:*^-icenjrai-**ffvsm: oswes 
ft, in^oy<v>-^t*a<bi-*^i:-c*iinc*a 

[0 0 5 5] £/.:, **&9|01IRAM|B]»-PU\ ttftftffift 
^ <h tc o t* Ifiix tz E»«iJt, MOS h 7 > v ^. ^ Offi 50 
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[0 0 5 6] ttz* *5&WOMRAM@»<OS*mL^<OM 

[0057] iss, mizmLtzr-^m^-m lo->--jt> 

[0 0 5 8] H4(Cii, *»MO»40ia6«*^Lfco 
I24(C^L^MRAMi]8&fi> *^fi5(;ii[12i;^ L^HS& t 

iff tts, ie*fia*ott*aiL*feT**„ 

[0 0 5 9] EI^ J: 7 ^:%^OMRAMI±, Y-dec 
oder401 ; Sr-g-tfY®i2l2lS&402i:, X-decoder403, &t 
V\ *)l>TU4404frhffij£2tl2> o iif«ffl?hSX 
-decoder403t-t;WT 1^^40414, -ttl^tl. HlOX-d 
ecoderl03 1 -b ;WT U 104 1 ISj^O t 0 5 tz. 

Y-decoder401 1 X-decoder4030l6^^ 5 >if\t. 9 
■i\y>f-3-s Y n-9405 IZX <0Pm^tii> o YS2HJ 
SS402I±> Y-decoder401t, Y— Y * f Y-decoder401 \Z 
mmZtltzWOS Y 7 > v^.^408 41K COM0Sh7>v 
^.^408 411H»«$ii/;*«{406, -7*— h ICY— decode 
r401^*b ©tuftsin i5SVMC+aiS(Cijjf^i--2,2 
i=fOM0Sh7>->*7.^416t417> isiiy''. 418t419, Y 

- y iz&mw.i±WA07frL>ff)tiit)tfmffiztifzms y?> 

VA?420, 421, M-fllj59 f «tt^ft/cn >7»>-9-412 41 

5, titfjiistm-i-z&VbiMgmu. 445r-«^; 

[0060] MRMmg&timmvtmiz&zk&izit, mos 

h7>v^^408 411(4* >«St:^-=-Ti3 3>t=' 
V-9-412 415(4, 5Em^ft, Bf5e©»*B*E(VD0)Kfc 
So J^:, C1WB#, M0Sh7>->*^^416, 41814* >tt 
.^T% iit<bU^LTfflttSS^-r*M0Sh7>v*^^41 
7. 4im*y&mt 4:otl'4, L^73 J oT, MOS h 5 
>->***416, 418Sr^-LT, 3 >t*>-9-412, 414 
^ft-CV>SM0S h 7 ^v'7.^420. 4210^*194^0 
^«miEVD0-C*-5.o 

[0 0 6 1 ] MOS h 7 420, 421(4, -t>*ij&42 

2. 423«r— 5eOfi«BE»:ffJ*i"* fc* IcUtt e,ftfcM0S 
l>7>vX?T-iSo MOSh 7 >v^^420. 4210Hi* 
ffl<OHiEI4, Xi»mES407«>«^i-»X««ECVref] 
t, MOSh 7 Vv^.^420, 421©^i#teT*&*!>lb*l.a 
— 3e«5»T«E(Vdrp)-eStjes<i, MOS h7 >v**42 
0.421cOA7JfU<7)S£E(VD)75^Sj) LT 4 tbJlfflijomff (V 
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s)iiSE»-e-r» (i) itx-Vk*bh*ih 0 zatzri* 

TO-tV^.^422, 4230m&li'Ji?KVS-C*4o 
[0 0 6 2] «xlfl8*IStlt3lf^-438(:«if SitfcT'- 
* *-gc*ffi-T*^twl±, X-decoder403^"bW«^-(C J: 
•9, M0Sh7>v^^426?r^>l-i-^ o -Oi^^, mif. 
406, M0Sb7>vX5'408, MOS h 7 > ?4l6, MOS h 
5 > V* *420. SS^lSgt^^438i3 J: tniOS h 9 V 
9 42&miXW8li)*m.tiZ>o itzZOm. X-decoder403 
frb<nm-%iz£ I), |W]— <07- K«a433ic^^*trv» 
*M0S h 7 > v * ?427fc * > Kfc o T£ ») , C W*S#, 
fiBftfgt/tai -y-439 l~ mfatftil tl 2> o 
[0 0 6 3] MOSh 7 >v*7.?420, 4211CJ: , -f^T 
0-te>7.ii&422, 4230mfiliVSlc^?*t. -fe>*;&42 
2, 423KI4*ft*:WSiJJ:U t #»*i6tft*?-438. 439<£> 
iSi/ttt^feftSSSft.*** SOWSt^StftSo #KY-d 
ecoder401 <Dirh Ofif-^- tc J; I) , MOS h 7 Vy* ? 408 14 

^7t^l), a >7 : '>•^}-4l2»;:?Ems*^/.:m#s-^fc«;L 
fc7!> ^ ^>, a«istn;* : f-438»=i±«at3j»at*to-tftt*o - 

©ft*, 3V7>t412C4t4lEli (2) *Uf£o 

[0 0 6 4] -j£B*BHia&K, -BSttK, MOS h 7 > 
*426* * 7 K U ««JR«;*?-438«:a 0 3MiTV» 

a$t»flL*T-438(w- o" r i&mr-? t l 

MOSh 7 >*J*9 4164-^7, MOS h 7 > vT. ?417 
*>tU Sy t M0Sh7>v7s^426**>t-r^i:, 4- 
J£l4, miS406, MOSh 7 409, MOS h 7 > v> 7. ? 

417. MOS h 7 > ->*X ?420. J&$\.«95t5?tT-438, MOS h 7 
> vT. ^426<OiflgST-S.»E^»!itL^o M0Sh7>->* 
X*409£*7i:1- * t. 3>7>*t413lz3cm,2tLtzm 

w * &m Ltcffb^ a^jsst* ^438^ ii*st**a^o 

•^»t*o i©M> ttftttftX?-4380#J!flWHCI&C 
T, n >r'>-9-413lc^.C*l;miiiS:T-r-&o 
[0 0 6 5] HIT. -J&SIHHia«K» MOS h 7 > >*7. 
*426£*7 t L, «jR«Si* : f-438«:a i Jiie*tTV»fc« 
iffifcit*. n >f-'v^412i: =j yf'>-f413^mBE^ ; £-M 
!MMflS444*:fflv»T, tttH-Tio «*JStfc* 
^•438H7C<Of'-^*SS#ji<^1--£.*N tfc«4, — B# 
65 «t f WttSR* JS1!rtt» kk-t - t K i *) » MRAMUSS 

[0 0 6 6] *ftHOMRAMii. i£#S.*St^ib-ei 

[0 0 6 7] %tz, #§|l8«9MRAM|II8&T-(4. BJ$UK#t5!s 

i=-438n epjjn s n & i,je i±vst- ijot, BB^uastsi^ 

38«r«[«|-r*mE*)4VMi, ¥ L < #tt*#ffcS**W 
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[0 0 6 8] *5I^OMRAMIe]fS<7?ff^ai LilJSfi. ± 

*^^OMRAMIsI!&r-li, tiydKoftjJ'it 
tzS.mM.tii. MOSh 7 VvX^^ffiJJt^i *>^,v^ 

Ltt, (2)^<7)3>t'>^co^*c. sa^igJfisS^ep 

[0 0 6 9] UaLJt J: d *B»Tli, 

<D 7 - K«433C«a * ilT v» 4 ««JSHtif ^439 (h]# 

[oo7o] i^. mizmtfzr- ?mx-&L<Di'-r> 

7.l±— 0l)T-$>i?> iwrfi'Jtliiv 1 . 
[0 0 7 1 ] *t6«l*»^4-C»^LfcBIB^iJV»r, IE 

So ^5OHife0Ilt LT, »l^HJifeffil^ie 

[0 0 7 2] H50@S&-CI±, -b ^506-5090 %\H 
IJiE5|(CftU^i--&^*tC, Jt^fff510-513?rlS:Jt. 
-5-OffiTJ^MOSh 7 >->*7.^501 504O7'- L 
rv>4 0 Jt©f|510~513OaE<7>AtJ (lEffiii) (iSm^ 

V^^506-509HSM^tVTV^ o 
[0 0 7 3] itlic<tt)> fBTH^W-bV^HW^e^* 
40 j$S^E505i •^lav'iii'g-icii, MOSh 7 >v^^501 513 
W^*), iW-f^MOS h 7 > V7*9<T>V- h^ffSr± 

^ti^O-t >^*S<7>mfi5!» T Smt)E505J: OS 
v^-g-CIl, MOSh7>v^^501 504<Dt*>, i=tlD-r 
4M0Sh7>v^^<or- h^KSrTlf. -f-Oifg*, -fc 

tt S it tz => > T > + OScm4f 14 4- ■€■ >b x. 4 - t # 

^> o 

so [0 0 7 4] $HWi:J: •)* Sa^lft>o#U^LT. $ 
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li, MOS h 7 >v**501 504<7)ffi£3 ? y 7, \z 

[0 0 7 5] ^Hife0!lT*li, MRAMj^f&fl^ 

turn £ « ? Jttm <dm imttz aur o * * y ^ <o 

[0 0 7 6] Sfc, **ft«-Cli, -fc>*i&om&£- 
5efw«oftlJ«lj3J:U f |gjEirov>T5E'<rv>-&3j*, MOS h 

v^aiTfc*"^*^ J: d 4: MIDI 
[0 0 7 7] f fc, #HJfctt)T-li, *l©IStt«K*tL 
112 :*> h 4 <D Hifetffl T m L tz ESS O -fe > * fft K it tfc 
[0 0 7 8] 

11, #(I h >*^tB»*««:*^(TllR)*rfflu>fcMRAIIia 
[0 0 7 9] *l&^OMRAMllg&OSE*UJL^« 

[0 0 8 0] Zh\Z s #»9§OMRAMIIIHm*, fig^tgfit 
3R^t EWKo fcjWifcBIMSIfi;, mos h 5 > ? o 

[0 0 8 1 ] i tz. S«jfc#JgH:;v£K:tt<&- if, f- 
i*i-4ES&l!»ft<Z)^3e'titc®nSMRAMI5lKS-f#S £ i A* so 
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[0 0 8 2] $ <blZ, ^f|^cOMRAMi]?S<DlS«^aiLB$(0 

4 a, **i:/>S<t4Cti«ti4„ # 
Kt&&©£WR*UL*fTo 14. 8*tBLf- 

[BiOffi|liRl«] 

imi] *&w<Dmi<onMM<DMUM®mi7Pi-®&® 
x-$>z> 0 

[H2] ^f6^0^2 0||J4^JOMRAM!lIK4'^i-IIIS&[2l 
[H3] *^O»3OHJ6W<0MRAMiai&*^-f ilKia 
[H4] *&W<om4 <DHJfiCTOMRAM|5]|&4-^|D]Kll 
[H5] *5|B^O^5<7)|life^J<0MRAMl]?&t^1-|af&l2l 
[0 6] £ 1 W^Jfeft^OMRAMEIKS-^l-lieSH-e* 

o 

[El 7] »2<Dtie*afl5^MRAMig»*^'t"ll»BI"C* 

101, 201, 301, 401: Y-decoder 

102, 202, 302, 402: Y/gi2I]S& 

103, 203, 403: X-decoder 
303: mi OX-decoder 

305: fg2£OX-decoder 

104, 204, 404: -fe;WTU>C 
405: H;>^n>Fn-7 
304: JSl^-t^T U-f 

306: f£2<7>-tr;vr 

105, 205, 406: «il§S 

106, 206, 407, 505: mmmi±M 

107 110, 207 210, 408 411: M0Sh7>v** 

111 114, 211 214, 412 415: nVr'y^ 

416 419: M0Sh^>vX^ 

115 118, 215 218, 420, 421, 501 504: MOS h 7 

119 122, 219 222, 307 314, 422, 423, 506 509: 

510 513: Jtl2g? 

123 126, 223 226, 315 317, 432 435: 7- K 

a 

318 325: StgffifiL 

127 142. 227 242. 326 329, 436 443: Eg^S 

mm* 

143 158. 243 258, 424 431: M0Sh7>vX* 

259, 260, 330 333, 444. 445: HK|ifii|BS 

159 162, 261, 262: 
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